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Abstract Graphs in corporate annual reports are a double-edged sword. While they offer the
potential for improved communication of accounting information to users, the preparers of
the annual reports can easily manipulate the graphs for their own interests. For over a decade, the
empirical financial graphics literature has focused on examining company reporting practices. A
particular concern has been measurement distortion, which violates a fundamental principle of
graph construction. Unfortunately, it is not yet known whether observed levels of measurement
distortion are likely to affect users’ perceptions of financial performance. This study uses an
experimental approach to address this issue. Pairs of graphs are shown to establish the level of
difference that is just noticeable to graph readers. Six levels of `̀ distortion’’ are investigated
(5 per cent, 10 per cent, 20 per cent, 30 per cent, 40 per cent and 50 per cent). Results indicate
that if financial graphs are to avoid distorting the perceptions of users, then no measurement
distortions in excess of 10 per cent should be allowed. Users with lower levels of financial
understanding appear to be most at risk of being misled by distorted graphs. Further research will
be necessary to investigate whether this impact upon perceptions subsequently affects users’
decisions in specific contexts.

Introduction
For over 200 years, graphs have been used in many technical and everyday
contexts to communicate information effectively. Voluntary presentation
graphics are increasingly used in the corporate annual reports of large
companies in many countries (see, for example, Beattie and Jones, 2001). This
increase in usage can be attributed largely to the changing role of the corporate
report – from a formal, statutory document for shareholders to a major
advertising and public relations document, serving multiple purposes and
multiple audiences (Hanson, 1989; Squiers, 1989; Lee, 1994; Hopwood, 1996).

The communication advantages of graphs are well-established and are
fourfold. First, graphs attract our attention, especially if their visual saliency is
increased by the use of colour (Leivian, 1980). Such visual representations
become `̀ graphical sound bites’’ (Henry, 1995, p. 35). Second, because graphs
rely on spatial, rather than linguistic intelligence, we can use our dominant
visual sense to `̀ see’’ the data in a direct and immediate way. This facilitates
comparisons and the identification of patterns, trends and anomalies (Korol,
1986; Harris, 1996, p. 164). Third, the data can be readily retreived (Wainer,

T h e c u r re n t i s s u e a n d fu ll t e x t a r c h iv e o f th is jo u r n a l is a v a i la b le a t

http://www.em eraldinsight.com/0951-3574.htm

Received October 2001
Revised November 2001
Accepted April 2002

http://www.emeraldinsight.com/0951-3574.htm


Measurement
distortion of

graphs in reports

547

1992). Fourth, in the specific context of corporate annual reports, graphs
provide oases of colour and interest that enliven the presentation of
information.

Unfortunately, it is also well-established that the preparers of corporate
reports have incentives to manipulate the content of these reports, or at least to
manage the impression conveyed by them. This behaviour is generally aimed
at creating a more favourable view of the company’s performance than is
warranted. For studies that discuss the impact of these incentives on
accounting disclosure choices, see Watts and Zimmerman (1986) (positive
accounting theory); Tweedie and Whittington (1990) and Revsine (1991) (the
`̀ selective financial misrepresentation’’ hypothesis); Murphy and Zimmerman
(1993) (the `̀ cover-up’’ hypothesis); Lewellen et al. (1996) (self-serving
behaviour); and Preston et al. (1996, p. 119) (impression management). This
manipulation can take a number of forms, including biasing (the selection of
favourable information items) and focusing (the enhancement of degradation of
aspects of the information set) (Birnberg et al., 1983).

In recent years, regulators have paid increasing attention to those aspects of
the annual report package that lie outside the audited financial statements,
recognising the importance of `̀ financial communication rather than mere
financial reporting’’ (FRC, 1995, p. 23, 1999). These aspects include narratives,
graphs and photographs. Regulators have also shown increasing concern
regarding the potential for this discretionary material to be manipulated
(this concern follows naturally from a period of intense concern regarding
the manipulation of the financial statement numbers themselves (e.g. Levitt,
1998)).

For example, in the UK, the Department of Trade and Industry’s (DTI)
review of company law has proposed that the operating and financial review
should be `̀ reviewed’’ by auditors (DTI, 2000, pp. 189-90), a proposal that goes
far beyond the current UK auditing requirements in relation to information in
documents containing audited financial statements (APB, 1999). Moreover, the
UK’s Accounting Standards Board (ASB) has issued a discussion paper that
recognises that graphs are a powerful medium of communication and makes
five recommendations regarding the use of graphs in annual reports. These
recommendations cover selectivity in the graphs shown, selectivity in the
length of time series shown, measurement distortion, the need for simple two-
dimensional formats and the need for related commentary to be located
adjacent to the graphs (ASB, 2000, pp. 28-9). Similarly, the sustainability
reporting guidelines issued by the Global Reporting Initiative (GRI, 2000,
pp. 8-9) comment on the value of graphs in reports, but note the importance of
neutrality in presentation.

Beattie and Jones (1992a, p. 1) identify three forms of graphical infidelity.
Selectivity relates to bias regarding the choice of variables graphed.
Measurement distortion occurs where the physical representation of the
numbers on the graph is not directly proportionate to the underlying numbers.
Finally, presentational enhancement arises where the design of the graph in
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some way enhances or degrades certain aspects of the information set, for
example because of the use of three-dimensional forms or because the final
year’s results are `̀ highlighted’’ in a brighter colour.

Measurement distortion is the topic of this particular paper. Prior empirical
studies of financial graphs have found that material measurement distortions
(usually defined by the prior literature as distortions in excess of 5 per cent)
occur in a significant number of graphs and that these distortions generally
give a more favourable view of the companies’ performance than is warranted.

Unfortunately, although the incidence of measurement distortions has been
empirically demonstrated on many occasions (see, for example, Steinbart, 1989;
Mather et al., 2000), these studies have been conducted without any insight into
what level of measurement distortion is generally sufficient to influence a
user’s perception of a company’s performance. As a result, the practical
significance of the findings from empirical studies of company practice remains
unclear.

The purpose of the present study is to address this issue. For the first time,
we provide experimental evidence to ascertain what level of measurement
distortion is sufficient to affect the perceptions of users. Our results not only
frame the prior financial graphics research, they also provide much-needed
guidance for future research in this area.

The remainder of this paper is structured as follows. Section two reviews the
theoretical and empirical literature relevant to measurement distortion and
formally presents the research question and hypothesis. Section three outlines
the experimental method adopted. The results are then presented in section
four. A discussion section then uses our results to contextualise the prior
research; it also discusses the limitations of the study and identifies directions
for further research. The final section concludes.

Prior literature
The volume of research into financial graphs has increased rapidly since
Steinbart’s seminal paper on US data, published in 1989. Researchers in
Australia, the UK, the USA and Hong Kong have investigated the use and
abuse of graphs in annual reports and prospectuses in both national and cross-
national studies. They have documented instances of selectivity, measurement
distortion and presentational enhancement. A key aspect of most of these
studies has been the empirical documentation of measurement distortion. At
least nine studies (see Table I) have investigated this issue in detail.

Studies of measurement distortion in graphs have all used a graph
discrepancy index. This index is a way of measuring the misrepresentation of
the underlying numerical data when they are graphically portrayed. The graph
discrepancy index used in financial accounting studies originates from Tufte
(1983). Tufte is a famous graphical researcher who devised a `̀ lie factor’’. In the
accounting literature, Taylor and Anderson (1986) adapted Tufte’s lie factor as
follows:
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Table I.
Key features and

findings of studies of
measurement distortion

in corporate reports
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Graph discrepancy index ˆ ‰…a=b† ¡ 1Š £ 100%

where

a ˆ percentage change …in cms† depicted in graph; i:e:

height of last column ¡ height of first column

height of first column
£ 100%

b ˆ percentage change in data:

If, for example, a company’s sales rise from £5m to £10m over a five year
period, and this is portrayed in a column graph with the height of the column in
year 1 being 5cm and the height of the year 5 column being 10.5cm, then the
graph discrepancy index is ‡10%:

GDI ¡ ‰…110=100† ¡ 1Š £ 100%

where

a ˆ ‰…10:5 ¡ 5†=5Š £ 100%

ˆ 110

b ˆ ‰…10 ¡ 5†=5Š £ 100%

ˆ 100

In the absence of measurement distortion, the value of the index is zero.
Positive (negative) values indicate the per centage by which the trend in the
data is exaggerated (understated) by the graph. Non-zero values can arise from
either specific features of graph design (such as a non-zero or a broken axis) or
from inaccurate draughtsmanship. To determine whether the distortion is
favourable (i.e. flattering) or unfavourable, the nature of the variable and the
direction of the trend line must be taken into account. The four most commonly
graphed financial variables are sales, profits, earnings per share and dividends
per share (Beattie and Jones, 1992a,b). These variables are often termed key
financial variables (KFVs). In the case of these variables, higher values are seen
as `̀ better’’ than lower values. Consequently, the exaggeration of an upward
trend and the understatement of a declining trend both give a more favourable
impression of a company’s performance. In annual reports, it has in recent
years been more usual to encounter upward, rather than downward, trends in
KFVs.

There is, however, no empirical evidence regarding what constitutes a
material distortion. Some authors have, however, speculated. For example,
Tufte (1983, p. 57) argues that distortions in excess of 5 per cent indicate
`̀ substantial distortion, far beyond minor inaccuracies in plotting’’.

In the accounting literature, many studies systematically document the level
of measurement distortion found in corporate annual reports and prospectuses,
most studies dealing with corporate annual reports. A few studies also
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investigate the features of graph design (such as a non-zero axis) that give rise
to the measurement distortion. Typically, these studies distinguish between
favourable and unfavourable measurement distortion and investigate the
association between measurement distortion and measures of company
performance. The majority of studies are single-country. However, a few more
recent studies undertake cross-national comparisons. The key features and
findings of these studies in relation to measurement distortion are summarised
in Table I.

Table I demonstrates a widespread incidence of material distortion. Using a
5 per cent cutoff, the percentage of distorted graphs ranges from 24 per cent
(Beattie and Jones, 1997) to 68 per cent (Frownfelter and Fulkerson, 1998). The
mean level of measurement distortion found ranges from –13 per cent (in
Germany: Beattie and Jones, 2000) to +86 per cent (in the UK: Beattie and Jones,
2000). A few studies also report the frequency distribution of graph
discrepancy scores. For example, Beattie and Jones (1992b, p. 300: not shown in
table) report that 70 per cent of graphs show no material absolute distortion (i.e.
<|5 per cent|), 10 per cent are distorted by between |5 per cent| and |10 per
cent|; a further 10 per cent are distorted by between |10 per cent| and |25 per
cent|, 4 per cent are distorted by between |25 per cent| and |50 per cent| and
7 per cent are distorted by more than |50 per cent|. The results from a more
extensive six-country study which reports frequency distributions are shown
in Table II. This Table shows that 26 per cent of key financial graphs are
distorted by between |5 per cent| and |50 per cent|, with only 9 per cent being
distorted by more than |50 per cent|.

These prior data thus show high levels of measurement distortion. However,
the critical question remains unanswered. What level of distortion triggers a
change in users’ perception of corporate performance? The answer would
contextualise the evidence from prior studies. Beattie and Jones (1999, p. 59)
note the `̀ need for experimental testing of this threshold in the context of
financial graphs’’.

Somewhat surprisingly, there have been almost no published experimental
studies of the impact of measurement distortion in financial graphs on the

Table II.
Frequency distribution
of observed graph
discrepancy scores
across six countries

Graph discrepancy
score (x)

Australia
%

France
%

Germany
%

The
Netherlands

%
UK
%

USA
%

Mean
%

x <|5%| 62 61 57 75 69 66 65
|5%| < x <|10%| 10 12 22 9 12 13 13
|10%| < x <|25%| 13 11 – 8 9 8 8
|25%| < x <|50%| 10 6 – 4 3 5 5
x >|50%| 5 10 21 4 7 8 9

Total 100 100 100 100 100 100 100

Source: Extracted from Beattie and Jones (1996)
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perceptions of users. Indeed, the only such study of which we are aware is
Taylor and Anderson (1986). In their study, measurement distortion is merely
one of several graphical features investigated[1]. Taylor and Anderson (1986)
create seven pairs of graphs. In each case, the second graph incorporated some
kind of distortion. They showed one of each pair of graphs to a group (number
unspecified) of commercial loan officers. The officers were then asked for their
perception of company performance. One of the seven graph pairs addressed
the issue of measurement distortion, by introducing a non-zero axis, producing
a graph discrepancy index of a staggering +884 per cent. Not surprisingly, an
exaggeration of this magnitude resulted in `̀ a misleadingly favourable
impression of company performance’’ (p. 127).

Statistical graphics researchers have produced, based on psychological
theory and experiments, a theory of graph comprehension (i.e. graphical
perception and visual processing)[2]. They have developed a specialist theory
of graphical perception (i.e. the visual decoding of a graph’s quantitative
information) using the theory of visual information processing (Cleveland and
McGill, 1987; Kosslyn, 1989, 1994). It is argued that, in reading a graph, we
initially perform rapid visual scans to detect the geometric patterns that form
the basis of our inferences about the data’s behavior. These initial perceptual
tasks may (but, importantly, may not) be followed by more highly cognitive
tasks such as scale reading. This theory of graphical perception provides the
basis for the present study.

Research question and hypothesis
The research question addressed in this study is as follows: what is the level of
measurement distortion that would trigger a change in the user’s perception of
a company’s performance?[3] Importantly, this question assumes that there is
some (unknown) level at which the two concepts are causally related. Formally,
we test the null hypothesis that:

H0. A change in the underlying trend line shown in a five-year column
graph does not affect the perception of company performance.

The prior literature speculates that |5 per cent| distortion is the minimum level
that could influence perceptions. Meanwhile, empirical studies of the levels
observed in practice suggest that very few graphs display distortion in excess
of |50 per cent|. We, therefore, test six specific levels of graphical
measurement distortion ranging from 5 per cent to 50 per cent. (i.e. 5 per cent,
10 per cent, 20 per cent, 30 per cent, 40 per cent, 50 per cent).

Methods
Subjects
A total of 52 second year business studies students who had completed a one-
year course in accounting participated in the experiment[4]. In experimental
studies, the choice of subject is critical. In the present study, students were
appropriate subjects because the study elicited general perceptions of company
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performance rather than a context-specific decision or judgment. In other
words, the experimental task focused on general visual processing skills, rather
than the use of a specific body of knowledge learned in the real world. In such
circumstances, the use of experts is not necessary (and may indeed be
undesirable as the task is unlikely to be `̀ representative’’). Indeed, it is now
recommended that experimenters avoid using professional subjects under
these conditions, because it imposes an unnecessary burden on researchers’
time and funding sources and because of the negative externalities involved
(i.e. other researchers may find it more difficult to gain access to this valuable
resource) (Libby et al., 2001, p. 54)[5].

Stimuli
The experimental stimuli consisted of five-year, time series column graphs of
the type most commonly found in annual reports. The graphic displays, and
the experimental task, were intentionally kept abstract and simple, in order to
focus on the impression conveyed from a perceptual analysis of the graph’s
visual components. This simple graphical decoding task is the predominant
form of processing used when viewing annual report graphs. Typically, annual
report graphs have neither a y-axis nor axis labels (see, for example, Beattie and
Jones’ (1992a, pp. 26-7) findings for 154 key financial graphs). Moreover, scale
values were omitted to discourage highly cognitive processing, following
Simcox (1984). All graphs were coloured black, to avoid any confounding
perceptual effects relating to colour[6].

An initial base graph was constructed showing a steady increase of 100 per
cent over the five-year period (i.e. a straight implicit trend line). This is shown
as graph X in Figure 1. A further set of six graphs was then constructed, each
showing one of six levels of the independent variable (5 per cent, 10 per cent, 20
per cent, 30 per cent, 40 per cent and 50 per cent). These levels are different
enough for the experiment to have sufficient power to yield strong effects, yet
are representative of the range observed in practice (Libby et al., 2001, p. 44).
The measurement distortion was incorporated throughout the graph, such that
the implicit trend line remained straight, but at a steeper angle.

A major issue in developing the experimental stimuli was how to
operationalise the independent variable (measurement distortion) without
introducing demand effects (i.e. alerting the subjects to the specific nature of
the experiment). In order to minimise this potential problem, each experimental
trial was presented as a comparison task. Each distorted graph was paired with
the undistorted base graph, with both orders of presentation being included,
giving rise to 12 trials. The graphs were labelled X and Y. For an example, see
Figure 1. The data area of the undistorted graph (graph X) measured 10cms tall
by 5.8cm wide. The first specifier was 5cm high and the last specifier was
10cm. The specifiers were 0.8cm wide and the four interspaces were 0.45cm. By
contrast, the distorted graph (graph Y) was 10.5cm tall by 5.8cm wide. The first
specifier was 5cm, however, the final specifier was 10.5cm. The specifier width
and interspaces were the same as for graph X. Thus, graph Y portrays a 10 per
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cent increase in the underlying trend line compared to graph X (for an
illustration of graphic components, see Beattie and Jones (1998, p. 7)).

Procedure
Subjects were informed that the purpose of the experiment was to examine the
effect, if any, of differences in graph structure on the perceptions of the data
portrayed. They were also told that all the graphs to be shown represented time
series data of earnings per share, which is one of four key financial variables
frequently reported graphically by companies. An example of the graphic
displays was shown at the start of the experiment. The instructions to subjects
were given in writing and were worded as neutrally as possible to reduce the
likelihood of subjects guessing the specific experimental hypothesis and
answering in line with the researchers’ expectations.

On a given trial, the graphic display was projected onto an overhead screen
for a fixed duration of three seconds. This short display time was selected,
following Cleveland and McGill (1987), in order to prevent highly cognitive
processing. Subjects were shown each of the 12 graphical stimuli in random
order sequence. They were asked to indicate (by circling the appropriate
response on a data collection sheet) whether they noticed a difference between

Figure 1.
Example of

experimental
materials used
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the performance portrayed in each graph. The three response categories were
`̀ X more favourable than Y’’, `̀ no difference’’, and `̀ Y more favourable than X’’,
coded 1 to 3 respectively. The graph showing the larger data increase (i.e. the
graph incorporating measurement distortion) was, beyond a certain perception
threshold, expected to be perceived as showing the more favourable financial
performance.

In a debriefing following the experiment, subjects were asked to indicate the
level of confidence (CONF) in their responses on a five-point Likert scale
(1 ˆ not at all confident to 5 ˆ very confident). A positive relationship is
expected. In addition, subjects were asked to provide background details
regarding individual difference variables that could affect their ability to detect
differences (Libby and Lewis, 1977). These background variables were format
preference (PREF); graph-reading ability (i.e. graphical literacy) (ABILITY);
level of financial understanding (FINUND); and gender (GENDER). PREF was
measured by asking subjects to indicate their personal preference for one of
four options: text, tables, graphs, no preference. A dummy variable was created
that took the value of one if the preferred format was graphs and the value of
zero otherwise. ABILITY and FINUND were self-rated using five-point Likert
scales (1 ˆ very poor to 5 ˆ very good) [7]. A dummy variable for GENDER
took the value of one for `̀ female’’ and zero otherwise.

To capture each subject’s overall accuracy in detecting differences between
the graphs, an accuracy measure was calculated. Four variants were used
(AccA to AccD) and the detailed scoring rules are outlined in Table III. Two
variants (AccB and AccD) incorporate the nature of the individual’s error, i.e.
the situation where no difference was perceived when, in fact, there was one,

Table III.
Accuracy measures
and scoring rules

Accuracy
measure Scoring rules Range Mean

Std
dev.

AccA 4 points if correct; 0 otherwise 0-48 31.0 5.76

AccB 4 points if correct; 2 points if respond `̀ no difference’’;
0 otherwise

0-48 38.8 3.27

AccC 8 points if correct and GDI = 5%; 0-48 21.7 5.95
6 points if correct and GDI = 10%;
4 points if correct and GDI = 20%;
3 points if correct and GDI = 30%;
2 points if correct and GDI = 40%;
1 point if correct and GDI = 50%; 0 otherwise

AccD 8 points if correct and GDI = 5%; 0-48 34.0 3.78
6 points if correct and GDI = 10%;
4 points if correct and GDI = 20%;
3 points if correct and GDI = 30%;
2 points if correct and GDI = 40%;
1 point if correct and GDI = 50%;
half points if respond `̀ no difference’’; 0 otherwise
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compared to the situation where the existence of a difference was perceived but
in the incorrect direction. The latter is viewed as a more serious error. Two
variants (AccC and AccD) take into account the magnitude of the measurement
distortion, on the basis that larger differences are easier to detect.

Points are summed across the trials to give an overall accuracy measure.
The variants are constructed to produce identical ranges (i.e. 0 to 48). Variant
AccA is the simplest measure, while variant AccD is the most sophisticated, as
it takes into account both the nature of the error and the magnitude of the
measurement distortion. The correlations between the accuracy measures are
all very high and are all highly significant (p < 0:0001 ). The lowest correlation
is that between AccA and AccD (r ˆ 0:772 ).

The following model relating graph judgment accuracy to individual
difference variables was estimated using OLS regression:

Accuracy ˆ f…PREF; ABILITY; FINUND; GENDER†

Positive relationships are expected in all cases except GENDER, where the
direction of effect is unclear. In relation to FINUND, since the graphs relate to a
financial variable (EPS), those with a lower level of financial understanding
may be less able to interpret the performance portrayed in the graph,
irrespective of their level of graphical literacy. The only significant correlations
between the background variables were significant negative correlations
between ABILITY and GENDER, and between FINUND and GENDER,
indicating that males generally rate both their graphical literacy and their
financial understanding as being higher than females.

Results
The main results are presented in Table IV, which gives the frequency
distribution of responses, summary statistics and the results of a series of
t-tests to investigate whether the mean response to each trial is different from 2
(no difference). The trials have been reordered for presentation purposes, and
are shown in ascending order of magnitude of the dependent variable, first for
the six trials where graph X was the base graph (panel A) and then for the six
trials where graph Y was the base graph (panel B). In panel A, the mean
responses range from 2.04 for a 5 per cent difference between the graphs (close
to the value 2: no difference detected) to 2.96 for a 50 per cent difference
between the graphs (close to 3: Y more favourable than X). In panel B, the mean
responses range from 1.85 for a 5 per cent difference between the graphs (close
to the value 2: no difference detected) down to 1.02 for a 50 per cent difference
between the graphs (close to 1: X more favourable than Y). For each trial, the
mean response is in the expected direction. It is also clear from a visual
inspection of the data that, as the level of `̀ distortion’’ rises, so does the
proportion of subjects that correctly identified a difference between the two
graphs (i.e. the further the mean score departs from 2).

It is apparent, however, that at low levels of `̀ distortion’’ (5 per cent and 10
per cent), the majority of subjects perceive no difference between the two
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Table IV.
Descriptive statistics
for the 12 trials
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graphs (i.e. less that 50 per cent are able to discern differences of this
magnitude). In 9 out of 12 trials, the mean response is significantly different
from 2 (no difference) at the 0.01 level. These trials relate to the higher levels of
distortion – 50 per cent, 40 per cent, 30 per cent, 20 per cent and one of the 10
per cent trials. At the 20 per cent level of `̀ distortion’’, between 50 per cent and
75 per cent of subjects perceive a difference and at levels of 30 per cent and
above, the proportion rises to 85 per cent and higher.

In the remaining three trials, the mean response is not statistically different
from 2 (no difference) at the 0.01 level. In fact, the mean response for trial 5,
which portrays 5 per cent distortion, is not significantly different from 2 at any
conventional level of significance. The situation for trials 6 and 11 (which
portray 10 per cent and 5 per cent distortion respectively) is less clear cut, as
there is significance at the 0.05 level but not at the 0.01 level. Thus, H0 is
accepted at the 0.01 level in respect of the 5 per cent level of measurement
distortion and rejected in respect of levels of measurement distortion of 20 per
cent or higher. The conclusion with respect to the 10 per cent level of
measurement distortion is less certain.

Overall, therefore, these results suggest that the vast majority of users
would not notice a 5 per cent level of measurement distortion whereas a 20 per
cent level and above would be noticed. At the 10 per cent level, the evidence is
more mixed. In both trials (1 and 6), a majority of subjects perceive no
difference, however, the mean response is statistically different from 2 at the
0.01 and 0.05 levels respectively. Given this evidence, it appears prudent to
suggest that, if financial graphs are to avoid distorting the perceptions of users,
then no measurement distortions in excess of 10 per cent should be allowed.

Impact of individual difference variables
The correlation between level of confidence (CONF) and accuracy was, as
expected, positive, but not significant for any variant of the accuracy measure.
The highest correlation was with AccB (r ˆ 0:118 , p ˆ 0:40 ).

The model relating accuracy to individual difference variables was
estimated for each of the four accuracy measures (see Table V). The best fit is
obtained using the most sophisticated accuracy measure, AccD. Although the
model overall is significant at the 10 per cent level, the adjusted R2 is only 9 per
cent. In general, the coefficient estimates have the expected sign (the exception
being the format preference dummy variable for the AccD variant). The
constant term is highly significant in each model, indicating the baseline
accuracy level to be expected. Only the FINUND variable is significant (at
either the 0.01 or 0.05 level) across all variants. None of the other three variables
is significant using any variant. Thus, it appears that higher levels of declared
financial understanding are associated with greater accuracy in perceiving
differences in corporate performance that are portrayed graphically.
The model was re-estimated using only the six trials involving the three
smaller levels of difference (i.e. 5 per cent, 10 per cent and 20 per cent). At levels
of difference higher than this, 85 per cent or more of subjects correctly
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identified the difference between the two graphs, and so there was little
variation in the responses. This restriction improved the overall fit of the model
in all cases and FINUND was significant at the 0.01 level in all cases. However,
no other variable approached significance.

Discussion
Our results suggest that, as a rule of thumb, measurement distortions in excess
of 10 per cent may cause users’ perceptions of financial graphs’ trendlines to be
altered. If we compare this materiality threshold of 10 per cent with the
findings of prior research into corporate practices, we can, for the first time,
interpret the practical significance of their findings in a meaningful way.

Of the nine studies summarised in Table I, eight provide information about
the mean level of measurement distortion. In each of these studies (with the
exception of Beattie and Jones (1999)), a mean measurement distortion of greater
than |10 per cent| is reported for at least one of the sub-groups of companies
studied. These groups cover several countries: Australia (Mather et al., 1996);
France (Beattie and Jones, 2000); Germany (Beattie and Jones, 2000); the UK
(Beattie and Jones, 1992b, 2000); and the USA (Steinbart, 1989; Beattie and Jones,
1997, 2000). In four cases, the mean measurement distortion is greater than |50
per cent| for at least one of the sub-groups of companies studied.

Table I also provided evidence on the overall incidence of material
measurement distortion, although only two studies use the 10 per cent
materiality threshold. Steinbart reports that 26 per cent of US key financial
graphs had measurement distortion in excess of |10 per cent|, while Mather et
al. (1996) report that 13.3 per cent of top listed Australian companies displayed
distortions of this magnitude. A detailed frequency distribution of
measurement distortion in key financial graphs contained in 50 corporate
annual reports from top companies in each of six countries is provided by
Beattie and Jones (1996) – see Table II. This shows that 28 per cent of
Australian graphs, 27 per cent of French graphs, 21 per cent of German graphs,

Table V.
OLS regression results
using judgment
accuracy as the
dependent variable

Independent
variable

Dependent variable
AccA AccB AccC AccD

Coefficient estimates
Constant 21.52*** 33.38*** 10.88*** 27.01***
PREF 1.03 0.15 0.37 –0.26
ABILITY 1.01 0.57 0.86 0.67
FINUND 1.77** 1.13** 2.21** 1.48***
GENDER 0.48 0.17 2.10 0.88

Adj R2 0.06 0.08 0.07 0.09
F-statistic 1.86 2.18 1.94 2.32
p-value 0.13 0.08* 0.12 0.07*

Note: * significant at the 10 per cent level; ** significant at the 5 per cent level;
*** significant at the 1 per cent level
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16 per cent of Dutch graphs, 19 per cent of UK graphs and 21 per cent of US
graphs had measurement distortion of greater than |10 per cent|. It is also
worth emphasising that, when related to corporate performance, these
distortions were mostly favourable (i.e. they showed company performance in a
more favourable light that was warranted by the underlying data).

Our research suggests strongly that a 10 per cent threshold is appropriate
when assessing the practical significance of observed levels of measurement
distortion. Given the extant evidence that a significant proportion of financial
graphs are distorted (often favourably) by more than this amount, it can be
concluded that, in many cases, users obtain a more favourable impression of
the company’s performance than is warranted.

The principal limitations of this study are that only one graphic form is used
and that only one level of data change (i.e. an increase of 100 per cent over five
years) is investigated. Future research should explore the impact of: varying
both the design and construction characteristics of the basic graphic form (for
example, using concave/convex trend lines; adding value labels; and/or varying
the overall proportions of the data area (i.e. the shape parameter). It should also
investigate the impact of levels of data change other than that used in this
study. The nature and complexity of the task set could also be varied.

A more general limitation derives from the study’s generic setting.
Perceptions of company performance are not, therefore, related to context-
specific decision situations. Thus, no strong inferences can be drawn regarding
the level of graph distortion that would influence users’ decisions and/or
judgments in specific decision contexts.

Summary and conclusions
Prior research into corporate graphical reporting practices has shown that,
across a number of studies, there are substantial levels of measurement
distortion. For example, a wide-ranging six-country study found that 26 per
cent of key financial graphs are distorted by between |5 per cent| and |50 per
cent|, with 9 per cent being distorted by more than |50 per cent|. However, to
date, there has been no attempt to assess, empirically, what constitutes material
measurement distortion, i.e. what change in the underlying trend line of a
column graph is necessary to change the user’s perception of company
performance. This study investigates this issue. Drawing upon visual
information processing theory, an experimental task was constructed that
required subjects to compare the performance of two companies based on
graphical stimuli. The graphs were constructed so that the performance
portrayed of one of the companies was better than the other (the levels of
difference being 5 per cent, 10 per cent, 20 per cent, 30 per cent, 40 per cent and
50 per cent) thus capturing the impact of measurement distortion.

The results suggest that, to avoid distorting the perceptions of users, no
measurement distortions in excess of 10 per cent should be allowed in financial
graphs. This evidence is of value to both the statistical graphics and the
accounting disciplines. In particular, it provides an empirical and justifiable
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basis for policy-makers to make explicit recommendations about measurement
distortion. Users with lower levels of financial understanding appear to be most
at risk of being misled by distorted graphs.

This study has shown that users’ perceptions of company performance are
altered at levels of measurement distortion of approximately 10 per cent.
Whether or not these altered perceptions carry through to affect specific
decisions remains a matter for further research.

Notes

1. Experimental research currently represents only a small part of empirical financial
accounting research, relative to the dominant archival method.

2. A detailed review of this literature is beyond the scope of this paper and only the relevant
issues are covered here (the interested reader is referred to Beattie and Jones (1992a,
chapter 2) and references therein).

3. This research question exhibits the four characteristics important to effective experimental
financial accounting research: it has external validity, in that it captures important aspects
of the target environment; it draws upon theory in the fundamental discipline of
psychology and contributes to both financial accounting and to psychology; the relevant
theory is stated in the most general terms possible; and the research question is based on a
theory that describes causal relationships between concepts (Libby et al., 2001, pp. 39-41).

4. The experiment was conducted at Cardiff Business School in the UK during the mid-1990s.
The data are not time-sensitive since the task concerns general visual processing skills.

5. A recent study that uses student subjects under similar circumstances is Maines and Hand
(1996).

6. Libby et al. (2001, p. 43) argue that low stimulus realism is appropriate in experiments that
test very general psychological theories (such as the visual information processing theory
being tested here).

7. The ABILITY and FINUND variables were self-rated and may well contain measurement
error. However, there is no a priori reason to believe that self-rating is likely to introduce
systematic bias. We chose not to make use of other (more elaborate but not necessarily
superior) possible ways of developing a proxy for the level of financial understanding.
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